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(54) LIGHT-EMITTING ELEMENT AND LIGHT-EMITTING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a light-emitting 
element and a light-emitting device, which have various 
light-emitting colors in a visible area for enlarging 
application range to various application products. 
SOLUTION: The light-emitting element, having structure 
where an n-type layer and a p-type layer sandwich an 
active layer has a nitride semiconductor layer where an 
active layer includes In. A photoluminescence layer, 
where a first nitride semiconductor layer including In and 
a second nitride semiconductor layer, having a 
composition different from the first nitride 
semiconductor layer are laminated is given in the n-type 
layer or the p-type layer, in the n-type layer, if possible. 
In the photoluminescence layer, a part of emitted light 
from the active layer is absorbed, and the light beams of 
different wavelengths are emitted. Thus, the light- 
emitting element can emit light of various colors. The 
light-emitting device, where a phosphor is given to the 
light emitting element can emit the various mixed colors 
and a white color, without color uneveness. 
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L, giJ©'>^c< fct lJfft, mtJB*»5>©*-caie*ft 

[0 0 19] AlUT, ^##H©*»*I»IC*3V^T, # 
Cffittii>*)infciftlC7* *t>XJift»lt 
El ltSti^^ny?^ hJiCRlt* i:, 
«aftAC«fcS|fe*©fiScfi*»e>7* h;U$*-tr>7jfH 
MSST'C #»©#®ftg»-rs^i:i:JiSfc©, * 
© JMS-e©3fc©Katft iTC J: S»^ft##, L tt»ntf«c 
p»4V^. in», «MftAK:«J:?>563t©ffiB> ffittl, 

*^7*h^nty7ic ^aa-rs^Tc, -t 

np>©IBJC^ffi-r4#JB©ffi#f*HC«J:0, #©RI*& 
if* ? '>^A^-T^^ "9, 7* *-bV^HKPJS-r 
3ft©-»#M'>-rs::ktr&£c Sttli: 
7* F;w5 *-tr>7gi:©HH, -?:©ffe©Jfa ? f8:W-e>ft 

Tv^si:, ft^ns***^®**^*©^*!^ 
[oo2o]^j^tf, mtva¥mfc*m^tzm?X'&z> 

e>catRCi£V^ll©nflj3y^^ MB©Tfll, f^t> 
kftfcfc^Si:, nfnyj'? h^©Tfll»3l:ltfc7* h 
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£««•»*?>©##** ?ra*«©^> 

K4f + j»rx*^-4frT4A 1 GaN, InGaN 
4k£fflV^c7* h ;M *-te vaJTCtt, S£3&*gi&tt© 
ftV^k*»5»3>^^ Mfc bT#ffl$nT^-5GaN 

fc, H2C*r«I:-5C, KS2 0C#LB-BSII(i, « 
-5 fcfcJfi-Ctt, ftriWTjfi (p-n&£ 

SSflSflllCfc^T, nfflny^^ h/f kg«k©MH7 
* hA'§*-ty^Jf feaitfc^Ctt^ 7*h;w$*-b 

H^T'li, #*££3S?fcSp-nS£«i6rtSSK:, * 

7* h;u5*-fey7sJI%^ttT;&3;:k 
T% ±&©J:?&ft©»:£3:{£< WU, $?$b<tiffitt 

k"C, ft/hRRCJIDisr ii«T?S5. 
[002 1] JJl±KWLfc«t-5C, *»WC*V»T, P 

»e>n**^©3S#fefc:*£<#»&&ff-t;:kK 20 

$>Z> 0 7* h^5*'tey^ii*»e>03t*l(liE-r 

Sfc&cti, 7* h;us *-fe >*»©££, ^Mti©# 

ft, JtSftktTWIBrsJKoWIWft**^*. z<o 
b#, 7 * h;u§ *-fe>7Jl©llJ¥k bTti, 10 0AM 
-bkTSCkTr, £ftfefc£{fcSi*fc£3fe* : ?-tffc hn 30 

So 

[0 0 2 2] #£$©7* MU5*-teV**%#JiRJI 
k bT, »J«tTt)J:V^ ^©B#, ftftttCtt, 4>JfK 
k bT, I nfc£tr3fc*¥*ttJI&gtt»j&»e>©#& 

i^Ts/ik, - i cnt\w\<Dmtzm-?z>b<D£ u # 

HR«r«lS-r < £ *,-»#*£©#*&**;*&?• 
5Bk LXWmtZx, IOJ:^^lI^f,^57 * h 

e>c4;ffli>£c:k#-et£o »£L<tt, mt©3U© 
b, gtts*»e>©ftffncii*!i«#e>n5i:*t:, *©?e 

[0 0 2 3] ^^f^SH^^T, nSUfKSW 
^n5nl«i (7* MU$*-fe>7/f) kbT 

«, i nz-ttsmi omm^mfomt. *a>mi <dw. 
im^mfrm k j* & a *:*rr a si 2 <Dmtvo*m& 
mttfmmzntznw&mmMz^'rzitOT'&Zo z 
©b$, mmm 1 vxitmzmtm* *fctt«rE*2©a 50 
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ft»***jB©no«: < t h-fiommtf 1 0 0 am 

TtfeShtfl U\, flPS b < Jim 1 ®Sfl:»¥3W*JB 
*5cfcl>*m2(7)^b^#*B©M^ : &l 0 0 AWT, $ 
5.CffSL<li7 0AUT ftfcJfr*b<ti50AUT 
ct4. z©cfc?nffi£Jf>£ii<-t3 3kHcfcD, #JfHI 
HtfiSttfW&k&oT, #JfRB©^ H B H &#&<&6 
©T\ ffi^7*«i»i_h-r«»«lnjc*>5 0 4*5, ffitt)Itt*J>& 
< £ i> I n £-grtr^{b%¥#ft, » * b < It I n G a N 

fi*^#PflffikT-5w4:A«a* LV^ 0 ^©a#, mi© 
^{bti*#ftJf{±, £C7* Wb$*-fey7Jlkb-t© 
afirCfc-SftfibS, tt£Safc&i\ :ofcftMU: 
nMftoK-T'tt, ^<fc():o«i©2fl:ft* 

b-t&£ft-cv^ 0 %si<Dmtvo¥m&m\* 

In.Gai-x N (0<X<1) £ b, £2 ©^{b#J^# 
{Witt I n,Ga,-i N (0^Y<1, Y<X) , #£b< 

[0 0 2 4] £?>C, r©n«£JBRJBtt» MKfgl© 

^ftfe^aiftji * fc air e» 2 aymt^mwm © rt © 
'>&< kt-?j©jg|j?a 5 , ja»-f5»i©aft:«>*#* 
lis fc am 2 ®^b«j*#ftjiH±'ci:^ en* s w k 
fcwtsk-r*. bp*>> »i0*ft**»#Ji*fcttfi2 

©£fc«#*fMS:ttftJiaM Lfc*JilWi*»J«Ufc 

£2©ttftft¥**jf (SloSft*^** 
V) fc&Afc'Sg 1 ®aMfc«5MKMi <f&2©S{t*»*# 
fWf) ©RfftfS^cJI&acikfcjttJfe-rSo 

[0025] nu&mmm\*m&m£wmhxMi$i.zft. 
[0026] $4, ^m<Dm2<D^it^mi^m^7 

y Y--fXhi>Z£t^^LW 7>K-7*kfi«HW 

{ttl^#ftJl ^ 6 JKftC <t 0 S its ^«fE^ t *5IH^ 
T'ttry K-T'kV^do 4*3fiSicCcJ:0SA$ns^»e 
» ftl rt C *3 V > X ^m^imm \Z 43E4«o V > T V % 5 3 k A ? 

[0 0 2 7] S5>C*»W©»* bV>E1tk bT, Hilfe 
pfloSftft***BCtt. A 1 4-iftr»3©a<b** 

iftib, m3©^bt)*#ftkM4^a^5r*-rsm 

4 ©^{btl^*fr® k ffl^MUS * 

*U «HE*3 Sfctt«rE*4 0fi 
^*39ft©B©rt©'>4 < k ^b-*©^* 5 1 0 0 A 
WTT*4wkS:«pjak-r*. ffSL<li»3fflSft* 
*3=tU t m4©^bt/*#ftB©M73 ; fe 1 0 0 
AWT, S5>C»tL<li7 0AttT, ft^«FSb<(± 
50AWTC-T-5. i©«t-5CRJ!C%li<-rS^kCJ: 
0, MliMfM^^t, #HRS©^ B tt 
A 5 S<4S©-C, SttH^?>©^tB7J* ? (^±-rsilS[S] 



13 

[0 0 2 8] »3ffl£fc**#fWBttAl.Gai, N 
(0<a£l) fcU MrCJM0£ftfe¥#frJltt I n 
>Ga„, N (0^b<K b<a) , if $ L < t±G a N £ 

[0 0 2 9] S?>Cff*L<tt, ffirfE»3©Sftft## 

»3©aft*#»ftB (H4©^{bfe¥*ftJI) 
«*4 0Sfc4MM«*Ji (»3©£{b*iNMWB) ©H 

[0030] me»30aft«*»ftjf, 
s tifjies 4 ©g{tti*#*M© i*j©'>ft < t i> --ft 

±-ZKWimtj:Z,z£Z¥t®l.ttZo BP*>, iT3©^{b 

(S&4©£fb**MMMJ) 5:^^l4 0lftW#ft 
f (j&3©£fc#2MMWB) ©III»OT*©fi/iStfc#i: 
V^rgftSrkfcjt Stereo 

[0031] pm^mmnit. nm^mmmtmc<m 

So 

[0 0 3 2] ffc, *H«©i3©IftWffl:IfeJ: 
^4©^tWf Mtfjy F-/f*^ :b&#^ 30 

fc-r^o pnw^/fim^y K-rt-r ^© 

RffttO. l//mttTCt5rbi s aiLV^ 0. 1 u 
mJOkJPi^ SttJf HIE?L#ftA$nn< < ft^> 

So 

[0 0 3 3] 3£K|l3©gfM&¥SMWB3:fcttSl4 0 

fc±L*>-f^flafi£fc5, 4fcpl?»b btii, M 40 
g, Zm Cd> Be, C a «?©I I$OT3S?£fcf £ L < 3 
#?U ffib<lt Mg< Be£ffl^4. 
[0 0 3 4] tfc£g3©^fe^#f«f *>J:l>*lg4©^ 
<b%¥*#Jf ©M^Kpl^frfctl* 5 K-^SnTV^Tt 

1 O 22 /cm 3 l^T, SfSL<tt5xl0 ! ' /cm 3 JATEPI 
8T3„ 1 x i o 22 /cm 3 «k 0 i*V*i:S<t4Mt»fWI 

ntt£HK-7©»-&feEltrc&.&. 
[0 0 3 5] *»iil!©J83t8Btt, H2C^f J:^C* 50 
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ISW©»ft*f-cm##4tf-5-Lfcfc©-CS>3. -©& 

^e>©#fcji&-a«£©#fc£-r *&©-?&*. fft 
^*>m*ft©i!jie^c*5V^T*fe*f=i-i£f3e-^A^ 

k)W[?3:L<, ftCSJtftbbTttCe-CffiSJifc 
(Y 2 0 3 • 5/3AhO s ) YAG, EuRt//X«C 
rtMiSSnfcff^CaO-A l 2 0 3 -S iO.iO 

4S»*«t<»JRU «t9S«S©*S:5fe*-r*3k*«-C 

*»ofetrP,©4>ftV^fe«r#Swk*«'et4. 
[0 0 3 6] 

[^W©HSE©^] 01 fi*£W©-!SJ6fllfc:ffiaL 
ED*^-©«s%^-r«*«»<tBfiBia-c*4. :ole 

D*^t±-9-7 7^7S«l©±K, GaNi^i^l 
©Ay 77§2, 7 V K-7GaN<fc9ft&S?2©A-;/ 
7t13, Si K-^GaNJ:*)45nil3i'?? H 
4, 7> K--7GaN®i0ft?)^3©A-y 7?I5, 

1 nGaN/GaNjBft**£J:9fc*nffl£'JllKH 
6, I nGaN/GaNJ:045lHlf#Fi$©ffi 
ttH7, A 1 GaN/GaNj8te**i6J:DfcSpfll£ 
HRB8, Mg K-yGaNcfcDftSptlny?? hj| 

[0 0 3 7] *nW©^b^^fr=&fflV>fcn**^T* 

fllgffcft^NWWfK:, I n £#t;$g 1 <V^\YM*%<m 

£. %<Dmi<Dmit®*m&m£mtj:z®.i£*^tzn 

2 <D&<tto*m#m £ immztiit n imii 6 

ktfU^Uv, nfl^III^iSltlUgLtKSn 

TV^»£, ig&/f©ft*0©lf (#Pl v gb<tiM 

20S{b&¥*ttJB^rtt-Ckfc<, nH#Ji$IJi©« 
JlllIJ?{i^K:P c a-5fc©TttftV\ > ftfc, 01T&nfJ# 

1116^, stt)i7c«L-c^ia*n-c^*^ 3© 
&*jB&*LTi*Tfc&^. ^©n«#M^H%^-r 

58l©Sft«»*»ft:»*fctt»2©afl:%^#*JI© 
4>ft< ^-^©Hfffcl 0 0AJUT, ff*L<li70 
AWT, *fc#SU<tt5 0AWTfc-r*;:i:E«fcO, 

©±c»»1-**l, £L<tt»2©Sfl:4tMNMWB© 
|gfttt#&< ft #MR»£ft©*Si&tt#A< ftSfc 

©, ^©aiatfiSLh-r*. 
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[0 0 3 8] 8 1 ©gffcft^MMWtt I n*$tsm<tVs 
Jff*L<IJ37ciRB©I nx Ga,-x N (0 
<X<1) kU »*L<ti, nS^Dfi** K-y-fS 

<fcc R5£ Ufcv\fl«, *g B B B tt© &^8 2 o>%{k®*mft* 

k, ^ftctefittoftv^^JBKJB^fi-C**. t£^>T 10 
ft*ijff*LV^*^to-B-fcLTtt, 8l©^btl¥#ft 
itnl^K-'/Oln.Gai.i NT*&9,82© 
^t®*m#.m&G aN k©ffl*-&fc>-tt-C&£„ 
[0039] &f£ UMlBtti: LT, f&l*3«fctf82©2 
lbtl¥#&M©lglJP£ 1 0 0 AWT, L < \t 7 0 A 

#tt®©RJ?£l OOAJSlTfc-rSwtCfcO, Sftft 
¥*{MlHi©»tt*#ll*aTi:fc9, JPR-CdcSS 

#%m&iz&ifcLxl&ih&<D&\m<t®¥m&tff&&x 

[0 0 4 0] Se>CSfc, 81, Sfcti BijfE82©^fb 

1, *fcfi82©£fc«»¥#WIIfl|±Tl>CJ*&5^ 
■5C-T4ii:t»*LV\ 0U«8l ©g<k^¥»tt/f 
fclnGaNfcU 82 ©^{kt>^#ftjf £G a N L 
GaNlfcGaNlfcOHO I nGaNlOl 
J?£, ffittJfCftia-f *£«oT8cgHi£< L*:9, * 30 

*f*#S!{fc-f 4fc©, HfitofrJSiff^##;8tigrt:-f 3 

« © 4: m c h n * . 
[0041] 8i, ttz\tmmm2<D^it^m 

ttfl©rt©il>fc<fcfc-;fr©III;&7t;f^fij£«:, £® 

-r s 8 1 * t± 8 2 © sft^wfr ji © hi - 1 1 1 mjt% 

flIAtf, I10lftW#frI^InGaNtU 82 
©SfclMMMWIfcGaNi: t-fc«£\ GaNItGa 40 
NHh©ra©I n G a NB© I nfi^^ftttiCSiat 
5CtoTi>;Ii;^< LfcO, £1z'ptj:< LtzOtZZ 

trftv\ E*r*tt/hS<&SffiifiJfc:fc*. 
[0 0 4 2] 81:fcJ:U f 82©^k^#frJf fiiaWk 

ftT^T^k^U *fcV>rftfr— ^t^Wtotf K-7 
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»l©g<k**#ftJi©ni!5p|««5««i:, 82© 

[0043] S6c*ftw©*»-ett, pmmim^m 

SSplMi^iftii:, A 1 %#ir83©g{b%¥ 
*©83©M:*¥£ttBi:ll&*ffl/S*# 
"f £84 ©S<t**#ft)S fc $ ft fc p fil^BRB 
8Sr*UT^4o pffi#JfMJi8£:fc^T, nHJ©^Jf 

mm6£mmizm3<Dmtvo*m&m, *4©sfk»* 

#ftH^ft^ft'>^< fcfc— JffcLttfJfcU 3-H--C3J1 
J3l±, S&CJf* t< li-tft-eft'>&< tl>2m&±M 
IL, -^lf-T*4Mm±«®-r£^i:A 5 aSLV> 0 

/£$ftTl^*§£-, SttJl©ftl&jf (#Pl, f L<tt 

MM) k«-r4p«#WR»«*3©S{k<»*#frlf 
"Cfc, 84©gfc»¥*«fV^ft-Ct>ftV\, fcfc, 0 
lTlipfl4MNIEJI8tf, «gtt«7CieLT»j«aftT 
'©#Jf!!Jl8kS&Jf 7k©B3C, fliogft 

[0 0 4 4] $^»t3Sfc, 83, $fcti84©g{bt)* 

* tz \tm 4 ©Sfb*¥awwi |si±-e2v & a «fc -5 c 

"TSdfcfcffSLV^ mtf83©Sffc*¥#fWl%A 
IGaNkL, f40ift»fftf*GaNtLf:i 
£, GaNitGaNit©P B ]C!)A 1 GaNJf©l§y¥ 
SttH^^ifit" •5f3$£oT^8(3.i¥< LfcD, Sfc 

l fcaft**#ftji%»i*-r s © t m ca* 

A 5 ^5>ft£ 0 

[0 0 4 5] 83, *fcttm4©a<t»*#ft» 

©rt©'>Ji< k t-^©III«7C*©ffi^c%, j£»-rs 
83, *fctt»4©Sfk%*#f*:S©|^-IIIfl57C*® 

Atf, 81 ©«ft»4MM|:JI*A 1 GaNt L, 82© 
Sftft***I4GaNbLfc*^ GaNHkGaN 
»k©H©A 1 GaNlOA 1 ffl^^gttlH^ifif S 
\z.ft.r>X*m\Z.4K LtzK), Ztz>Mtj.< LtzVTZZt 

ticfco, fi^©l«ki5li:<, #HM)iF , ^a5^3^3V^^:® 

I4fM5:ti ! -e#5. ^ is a l ffi^A ? *iJn-r-5)(r 
^^£v^ > ffiiff*tt/hS<44. «£oTg«)Hj^bT, eft 
bWLj$.mmLtzmzpmm^&.tz>zttfx$z>o 
[ o o 4 6 ] 8 3 (Dmtva^mfrm \t a i z&tsmim 
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#£L<»37Gfifi©Al.Gai, N (0<X 
<1) tt. Mh»^L<\tam^O. 5JSITOA1. 

Ga.-.Nii-r^c o. szmz_z>tUigkmm< fco 

T*5v ^tfAO^-fV^frfrfeSo — Ml4©gfb 

®*m&m\m 3 ©^<b^*#ftg &a#ji«e safe 

t»¥#ft-C&fttf&<, »CRJEt4V^, &£■&©& 
{bfe¥#ft J: D i A' y F ¥+y^x* *5/Jn $ V > 2 

tt, ^3<Z)^b^#frl^a(BA ? 0. 5&T0A1. 
Ga., N-CafeO, »4©£<fc*MNMWB#GaNi:0 

[0 0 4 7] Se>H, £3©3fl:*¥*ft*0lRJPfcl 
0 0 AWT, (ffSL<B7 0AaT, *4j«P£L<(i5 

10 0AJJIT, L< fi7 OAWT, ft^»St<(i 
5 OAfeLTt-r^o 3©J:->CJ|t-aft«l*»ftJf©R 
S£l OOA&Tfc-racifcCJ;*), mt®¥m#<DW 20 

+ v 7»a^*t <»#*©*;* v^pji am* e> 
n, «fovf, bigamist L^rv^isn;:**. 

[00481^3 OlM^ftl* cfc » 4 ©gft* 

5F««»4 s K-rsnTi^-ct aval, sfc^rn*— # 

©S^P»fe***K:tt, gBHK-^tffcfctftLV^ fc 30 
*5> fttrt^fect^HTy K-7°t Lfc«£irtt*© 
R*tt0. 1 //m«T, ff*L<«7 0 0AJUT, S e> 
C»*L<tt5 0 0AJ3lTC-r*. 0. l«m^5 
7> K-^i©jSSW<^5i|Sli;fe?»^5.T' 
S>So H*CpI^«»4K-7t5»^ 313 ©gfb 

©pffl^M^Mti^^oX^TtavNo 
[0 0 4 9] &C*ftiH08%SllCti, ft**^**?. 

n»&%mtm&vi& 
Wfe=t | 9S&S0i^fe07 l e ; &%jRL-<:, <tos«S0j| 

T, AfrWCttCefftffiSnfcYtOa • 5/3Al 2 
Oi, Eu»tf/XliCr-CfHSgnfcI«**CaO 50 
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-AhOj-S iOa tfmfbix&o iC^MgsL i« 
SbiOn :Mn, MguT i O* :Mn, Y 2 Ch : E 
u, Y 2 0 2 S : Eu, 3. 5MgO • MgFi • Ge 
0 2 :Mn^'J U>*R»ftja:i;*fSFac*lf*ifc 

[0 0 5 0] mtfEufttf/XttC r-CftffiSiifcS 
IttCaO-A I2O3-S i Oz 8bfcftttCa-A 1 

-s i -o-N^*->t^ v^j v&im+t^m* 

v h 'J -7 A, Sfb&*Xtf»fba^S/*Afciffi!>S[*4E 

B«TC*V^T 1 3 0 OtJSLb, 1 90010^ 
ftfSLOil 5 0 0lCUJLh, 1 7 5 OTC&TwfBgET 
SBrTS. ^LT^e>nfc^p a B5r^-^5;w^i:*Ect 

3©<£?KLTf1^£ftfc3btftW:i&4 5 0nm©ffe 
*CJ:0Jftiesn> ^(D%^Wtt^ a 4*:®Eu 
Rtf/XttC rT#iSSn/;ItttCaO-A 1 2 Os 
-S i 0 2 S****«rfli«-r5wi:C«to 
T^7fc;*^?WU©br-;7£575nmfre>690nm 

£9!©&ftgBC*5^T\ h;w 

v*Ji^6S£fe©iSft#^t6T?&*#£#** 
[0051] £tz*%w<D&3tmmzmitz%ftfcti 

TYiOiS : Eu^mihn^o Y 2 O3 i: E u 2 0 3 

L^dB^i: LT £ 0 3©ifel8*i 

*a»4"-C8 0 Ottli, 1 0 0 OTCJSlTOfiJSCTjft 

jss l, mtfcfc-ra. se.tissi:Kiv-/S(/7 7 
y^^%s^L7;u5^-©i&jflcAni ooor&±, 
1 2 0 oicwToia*c-rffi»+T?2i*H*»&3«fHft 

)SLTMS%#5o adftMkL 
Tfc&ClSCilf ZlfcTYiOt S : EuOMMI 
5o d©^#fi, ^^^e>©Wfe^Sr^<t<!» 
JKLT*fe*0#*3&fc-rsc:4:tf-C£*. ttffcftlil 

[0052] 3©<t-5CLT#?>nfct?3t*J±, ^tf* 
^-bl^«X7 'J ft. ±&Lfcfrfe&tf*i 

«fl:S«Tft*M«r»j«-rs. ^©K*ft** 
0»i^7'J-li^#> KKMBi: LTWfflT?»3i:t 

fcT0»«tt'<-^h«:3pJfflLT«ftttC««!S-B-4o * 
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mi ft ifoxm c j; o t mfc &a s -a- ft o , * 

h <D%*WM t T J: 0 fi«fi©3t4rH3tr 5 d f 

4R9* &ft**±c«w-r4fc©£tt-c&<* 

[0 0 5 3] 3-5Lt»j«snfc»**tt0mffic^a5 

Wb*L, #75 0 0 nm*f>6 0 0 nmCtfiiifeS^n 10 

$£©#fe£tf£h LTlSft-f 4 4„ *©ft 

ft#fj3u J/ottfcfc:£ft-?RGB©ffe#fefcti-&fetre> 
©^fc^efeftSrf&ftS-fri:: 4o fetr 

^fe X U ft if £ IMH -e £ 5 R 0 , ±f B&Tfcft c Sn * T 

ftl\, 

[0 0 5 4] 20 
[fflKDHWMR] *»W©a*«KC*V^T, ±&Lft 

H^T ^/S£fflV^4 r i: #T*t 4 0 3 ©HSMlCfc^ 

£*U 7* h;U== *-fe>-7jf#, I n £#trSftfe¥ 
W?)451 1 ©Jf fc, m 1 ©Jf cfc <9 K*> » 

2»fc-C£4. f ft, 06 tt, 3©|£JE^»ro^Ti» 30 

wta/^KifisstfiSa-e*?), nii305, 

PII308 CJ** nftSttB 3 0 7 £:frf Sflfifi-?, 
7 * *-fe>7jf3 0 6#^«-£>ft, Cl©7*hA' 

Ut>7ii;iill©14 0 l fc^niHAy K¥ 
+ 7 7"i^M-0^t4i2©l4 0 2&*U Stt 
Jf C tt^pf 4 0 3 i: J: 0 > K ¥ + » 7°x * 
-©*tfcHM4 0 4**S9!tte>*iTV>s o 

[0055] ^Konmrn^ii t-a±, mi©® 

-y 7x*;l^-©A£ft|g2©Jl©IRJ#: 

%&mft<DwmmcDmm£K>ij'h2<-fz> 0 :n 40 

7* h;u$*-tr>^Mtt, P$Bi:ft4S&2©Jl£g&/I 

©»£Hi:E*&iRJ!t-cjB/a-rafc, ariose**'; 
nft++ «j 7 (Dftjmm&fti&z. 0, «gc<}:47* 
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7^ *-b>7s@F fc i©m2©«i±, wmm^^^m 
s-a-t, 7* *Hzy*jf fl-caws»ft*+ U 7© 

t Lilt §6i:*TJ:^t:, #F)f4 0 3 (#**^ 

fc©rac«£hfc»BJB4 0 4©KJrc& 
0, #FJBHC*»©SSJl£*-f4*£CH:, *ft?> 
©IJSJIfol&ftfc&O, *-lf#piiffl«^t#Fl 
ffittBi:PS«i:©^®, fccfflc, »»©l^gl 

**-rs»^ctR»c, ^©«&©^e®©ni¥©^ 

ft£ft4„ *ft, 7* h;us*-fev;*/f cov<Tl>l^ 

T\ i6i:*TJ:^i:, % 1 ©S4 0 1 fcl2®i4 0 

2 fc^ncsmsnfcfltiSufcv^Tii, H 1 ©Heft 
tT(^Bi;ft?)m2©i©fii¥-c*o, ;:ne>*i© 

J§, fg2©Jf £Jlft3A> K*> -y 7°x*;v-:?-©Jf £ 

*i-4#j©/f mm<om) tfwtvznx, mmm-mm 

-©7ctftg* ? i»g$i^ft«^tr^3V^T, minfat^ 

[0056] sft, moynmmmtLx^ m&T&mm 

*^^-©/JxSV^l©JSf©«fM»S:, ffittMrt©*? 7 
Jl©»»*S[J:*)#<-rS3i:CfeS. HBC^tJ:^ 
fr, ^©SjfetrctO^ftS^w^^fe^Sl ©M© 

1-4 iktj, imi-&mmmm.n*&%%i 

©3feSr®JRLTS^5rSlfeT40fii^#^L, #FB© 

^©igT%ffl< 3i;^ft^ 0 3©H^ffiTti, #pf 

ft<T4^i:T. 7* ^;^5*■lr>'^J■C*V^T±C3t 
»i(B*»**-tf, ffittM©#pMti*3V^T^m^%H 
JS1-4tlttg^gl$nftS^#l^i:T^4o r©H#> #F 
B©*J1S:^ LT«, ffl^, HJ?ft if C €,^1-4*5, 
2 0UHTfc-r4^fC, S»ft^7 , 6^* ? #?>n4ffi|S] 

[0057] $ft, monmj&mt: u-c», mi©«t 

X. m 1 ©1 2 ©S £:© A> K¥+ •yT'x*;^- 
H%*t<1-4 3i:-C, *^A>K©»J«*iEU 7* 

n, #PlrtC + ^'J7?:M(:ftAJti:53i:if) 5 t' 
^•^ 0 7* H;U5 *-tr>^g©A - y h'¥t-^x*M 
-IIA ^ *tV^3i:-C^ 'J7©gtt»'s©ffiASr{Sf 
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#S 0 

[0 0 5 8] w±, flfe©sufij^j||c*3V^T» ^n?>©ii 

fc7* *-t>7)f, nfll^BIKS, pfl4JHKJI 
n*#tr£fcft###*&fc9, t&2 0»#8l ©SJ: 10 

^-ts^-e&o, mi ©n, m2o)m^mzmmL 
tzw&tix. m&?&mmm&ttz> 0 3©b$, mi 
©s, m2<Dan&mt£zmzm-tz. mmm^mwi 

ffi^i: LTfi, A 1 x I n, Gai-, N (O^x 

<i, o^y^K o<x + y^i) tssnsafbft 

^ftSrffl^S^T&So 09A«, *^-**»P>*feS 
T*©^«fi{r*3V^T, In, Gai-x N (0<x^ 
1) £$f£L<ffl^T, I nffljfctfcSrStffcS-ttazfct: 20 

ftWCtt, Ah In, Ga,-,- y N(0^x=g 
1, O^y^l, 0<x + y^l) ^ffll^Ct^t 
Wxtf, ^fFlifrfei^Ctt, y>0©A 

&7* h;M*-fey7/l&, ±i$Lfcn{IJ#Jl^, pfil 
*»KfcUTfflV>4^i:A«-ptSo 7*h;US* 

ttS ^©^Sfltr^T, 0 6 (b) ilTjkt 30 

rS^fC, ffitt)irt{::£A£ft.S* + 'J 7£7 * 
5**>*Bfl{i££i:£tfS;:i:ri s i:-§\ 7*h;i/$ 

mt. ±m<Dn®\£mmm, pfl^iii^si:, 1 

OOAUTommt-tZZt, &£L<\i7 OA&Tt 
■TSCli:, Scjf*L<»5 0AJJJlT©RJ|:-C, ^1© 

nm^mm.mtLxm^t^\z\t, mi©n^mi©g 40 

p«#Ji«MlkfC»j«-r*K:tt, mi©M^m4©^ 
fb*»¥#{MT I2©i?:f30MWfftl^t 

§&l©Mi:m2©Jf i:t Uf1*o8(Jf-fS 

^tT'&O, jf* L< ^Jf-fo^-tS^T'&O, fag 

CO 0 5 9] 

inmwi mmm n hi ^tcchjict 1 eowck 

WTS. -9-7 7^7 (CIS) «* 9 ftaaSfilfcMOVP 50 
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E«DKJE*SrtC-b» h U tK*^^L^* ? 6> S$© 
fig* 1 0 5 0"C*-C±#S-e, »£©? M 
fT7o S«l trii-9-7 7^7CS©ftfe, R®, A®££ 
BitS*77-f7, ^©ftfe, 7tf*;U (MgAl 
1O4) ©<fc-5&lfi*tt0S«®tik SiC (6H, 4 
H, 3C%"£tr) , Si, ZnO, GaAs, GaNf 

[0 0 60] 0&l©Ay7 7JI2) ttl^T, fi£&5 
1 Or^-CTlf, tt'JT^l:**, jj§C*4#7£77 
€-7!:TMG (F'J/fM'J^A) fc&/IJV\ gfl* 
l±CGaN«t«5«c4^y7T/I2S:»2 0 0A©IR* 
"C^fiS-ltS. ^*C©{SST*^cft$-l+Smi©A>y7 

7J1 2 (**«©««, j«fi^jsfe#c«to-ctt«i&Tt 

So 

[006 1] (I2CDA77713) A777I2M 
ft, TMG©^jt*T, fig£ 1 0 5 0G3:T*±#S-t± 

So 1 0 5 OtCJiofc?), mc<mwf*izTMG, 

Ty^-TJfX&mw 7> K-7GaN<fc9&Sf&2 

7 7 7lSftCM3tfcI10^7 7 7lJ:ng 

fi, «Atf 9 0 CC- 1 1 0 OttMSt, In, A 
1 y G a 1-1-1 N (O^X, 0^Y, X+Y^l) zm&LZ' 

aN, Xffi#0. 2WT©AlxGa!-x 

ttHrCIHJ-5 *,©"?«:&< , A* 7 7*1 =fc 9 iJWCej&ft 

0. 1 wmW±C!)ift*^SSt5„ 
[0062] (nfljny?? Mf4) li^Tl 0 5010 

*'7Cy7y*'^ffll\ S i £3 x 1 o" /cm 3 K — 
7l3tl^ii:, I nxA hG am N (0^X, 0 =g 

y, x+y^d -eflt/s-ct, ^©a^ttwcng-jtc-e 

ttfc^tf, jiff L<iiGaN« XffitfO. 2^T©A1, 
G a i-i N -T S h «S b b h ^Rg © '> 4 V it 
nbtL^-tW 4 J ©T'ti^V>A 5 , nil 

©^f B tt^^< L«:V^gltCK»JSK: K-71-S^i:A 5 
i*L<, 1 x 1 0' 8 /cm 3 UH±, 5 x l 0 2 ' /cm'UT 
©ISHT* K-7TS 3 LV^ 
[0 0 6 3] ®3®Ay77l5) )J(II->7>A70 
^^ihA, 1 0 5 0 , CCig«CLT77 K-7*GaN<t 
D45|30A'777i55:l OOAoKJfCJSRfiS-li- 
So 3 0i3OA777l5tIniAliGai-n N 

(o^x, o^y, x+y^i) -eflta&Tt, ^©s^t±# 

2UTOA lxGa,-i N, Sfc»iYffl*<0. 1 J^T© I 
n , G a H N t ? S i: Jg&KB © '> * I 
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tffc&n^-fv^ dory K--/GaNi^fi5t5 
hJB4©±cB*gtt»%jfcgsii-*©fcJ*& , 3, t* 

*lfc£L**<-t4. r®J:-5t, 7 7K-7*©gfbfe 
*#*IJ:O44»20/^7rI3©li:, iiSig&T 

*7 KJ14, JfcC7>K-^©S{t**»ft: (n«#B 
Mfc*tr. ) «fc0fcSSI3®A*7 7»5*SJlLfc 
3®1gjgi:-r?)i:, LEDSf^CLfcJi^KVf *MST 10 
L^rv^ffi|SjC2fe4. &fcnfJ#Jlg|Jf 6&7V K-7° 

So 

[0064] (nfl#«M (7* 
6) flee, l^filoSSt*, 7 V F-T'GaNiO&Sfg 
2©2fMtMMf#JB£4 0AJ5fcfi<*-li\ ftt3fig£8 0 
OtCLT, TMG, TM I , SiH (< 7>*-7£ 
fl|V\ Si£l. 2 5nmol : S:{fclSLT, S i K-7"© 
In,., Gao., N«fc 9 fci»l ©£{£*¥**»% 20 
Afc&Z&Zo ■tLT^n^ftfisfclRDilL, 02+ 20 
»l©«-e£2C3 0B^o«JIS-e, fcftCGaNJ: 
0 fc Stg 2 ©3{t*l¥#*MI & 4 0 AJ«SS fciBte* * 
ifi©#JBR<t*)<c5n«*2^JBIIIJB6%l 84 OA© 
ffiUSTiSftSiiSo (Jgtt»7) JfcC, 7>K-7Ga 
N<fc9&SP*S/f%2 0 0A©llJ¥T/iJ^£-tt\ S^T 
fl£&80CCCLT, TMG, TM I , 7> : E-7£ 
fflV>7> K-7I nu Gao.7 N «* "9 fc*#p)I* 3 0 
A©K*TJ«*4**. ^LT^g+#P + Kffi + #P 
• • • • + Pf®©liTPl|SJf £5/1, #pjf4jf£i:n 
SMI LT, E§IJ? 112 0 A©#Sfi : f-#P«fjfi«fc 0 ft 30 
6ffittJf7ftBR*S**. iSttM7BHaM^&Ml 
it* 5 , tiIB#FiA>?»aiLT, #P»T-»t>oT 

MM* *>StJf LI#pltHb ot^K flWMtttt 
EMtoftV^ #pJl©g|Ji>i: LTfi 1 0 0 AWT, 
L<fi7 0AWT, Se>CjaF*L<tt5 0AJSlTK:HS 
t^c 1 0 0A«fc9iJP^fc, dl** ? [n|±Lf3< V^flgfc 
Cfc*. -^f, »S»©*Stt3 0 0AJJlT, #£L< 
ti 2 5 0 AWT, fttSfl: L < ti 2 0 0 AJATEMtr 
S„ 40 
[0 0 6 5] (p^IIi8) ftC, TMG, TM 
A, 77^x7, CpiMg (->7o^>7-7x- A^v 
?**->7A) Mg£5 x l o' 9 /cm 3 K-7"L 

ftplAlu Ga».9s NJ:9&5IU30B{MMMW* 
Jf *2 5A©KJ?TlSSS-&, Hl^TCpsMg, TM 
Afcihfcjy K-7^aN<k 9ft4!M©Sfc*MMMfc 
Jf%2 5 A©HJ¥T^$-t+So ^LT^ne>©j#f^4 

JiO&L, £3+gU©0-CX:EC4JSroStJBLfcjB 
ft^ «t 0 4 S p ffl#jflKJV 8 * 2 0 0 A©§UPT/£ft£ 
t5„ 50 
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[0066] (pi3>^^M9) iV>T1 050C 
T\ TMG, Cp»Mg*fflV\ Mg£l 

x 1 0 2 " /cm 3 K-7°LftpSJGaN<£DftSpilJ:jy 
9 9 H867 0 0 A©R*T*ja£S-&*. pfiU^>7 
7 h B 8 4j I ni A 1 r G a i-i-i N(0^X, 0^Y, X+ 
Y^l) T#f/£Tt, ^cajSttftKH-pfcCTttft^ 
tK &*L< »GaNfrsttSfi^RB©^«:V^t* 

[0 0 6 7] £J£f*7&, fiSSrSSS-CTlf, S?>l: 
fi*£H* t K ■>x-/N*R*SS»rtC*5V^T, 700 
CT7^-'J 7^«rfrV\ pIUBfcSfcmEJfiRfcf 

So 

[0 0 6 8] 7--'J>:7&, -!;x-^%SlC*il^5> 

^otiiL, m±.M(Dpm?>9 9 \-m9o)mmi~mi£(D 

&#.<D-?*?*B!&L, RIE (KJ^tt-Y^>i-y^> 
7*) SET pfij|3 > 7 7 h MMfr hz--v=f-y 9'Zfi\\ 
mi i:*ti?t:nl3y^^ Ml 4©i?ffi%»ti}S-t»- 

[006 9] zyfyj'l, «±JfC*Sp«3>^7 
l-Jl<7)tJ{J£®{::JSIJ?2 0 0 A©N i tAu^^tf^Tt 
ttcDp^SiOi:, ^©pSgio©±i:*yfr/^ 
ffi©Au J:9ftSp^ 0 y KtSl 1 *0. 5f/m©^)¥ 
T^-TSo — xs»f->^K:«t0BttiS-a:fcnfl|3 
>7 7 hjf 4®i?®£f±Wi: A 1 £-£trnfl[ffil 2£ft* 
$LTLED*?i: Lft 0 

[0 0 7 0] W±©i7irLTlf e-ftSHftSfl^i, 0 
413^-f J:d^7-?7 h^©H5ti ? #e>nS 0 
-fidC, gteJifr £©»#£- 7ifcKtt, 4 5 0nm 
©*EWfe©£#"C*D, 7* 5* -fey *■*>?>©& 
ftfi, 5 5 0 nm&fg©7n- Kfttf-7£§LTl> 
So £ft, #igftmSit<tt(3*3WS^3 , e7^7 WWJ, ffi 
tt^^e>©^3te-7^t, 7 * WU5 *-feyx)i* 

e>©e-7®«i:©tfcc, mttfmti. mm&xtxz 

flftTfcSg&MA^©ft$£g;& ? *t< ft 6> 

ns 0 3©b#, 3gfts?^e>#bnsfS3¥:fe£, fe^ia 

±©Sfbfc LT0 5C^-r. J IS Z 87 

blfefiH+(5#jSa~htt, El 5 K7rf#«flftffi 1 . 
3. 5. 7, 1 OmACSfJSLT^So HA»e>W5>*»4 
ctdH, ^e>ns^7tfe(i, Mfe (a) , HSfe 
(b) , 6fe (c d. e) , Wfe (f. g, h) 

^■rso c:©ffln, *mtem-znz>nz&ytm?it, m 
a, tfettoT efe©^*e,* I #e>n-5tfj&»o-c& 

So 

[00 7 1 ] *H^Jl3fcH^-C, nl#11141^t 
S02CD^btl*#ftBliGaNTfll^L>t* 5 , fife© I 
niAliGa,..-, N (0SX, 0 ^Y, X+Y^ 1 ) , » 
SKIil nMl&tfmi ©Sft»*#fr«J:0 4i/hSV^ I 
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nGaN-CSSliSc-f SZLfc&Tta,, Sfcpffll^Jf l&Jf £ 
«J« * S £ 4 © gffc»¥#tt» »i G a N X«/iSc 
iBlniAhGa™ N (0 ^X, 0 ;§Y, X+Y^ 
1) , ff*L<ttg^0gffc*¥##£DiA Ifi/S© 

[0072] mmm2i immmii t^aca** 
-fsf^RLfco gtt»*e> e>*u 7* h 

;i/ § * * -tr > ^JB*» 6 liSfeo&fttfflfcns ^ -5 Cifi 
ffCSILfco »fc7*$:L*A, M^-yh'J^ 10 

xi 8oo*c-e8hap!iwaa[S:fiofc. fce>nfctt/Sifi 

Col^T, LXfflV>/1?-;U$M3 
XfWU %«Mg«l^> i4IL> Lfc. 
:©Eut#jSShfcS*ttCaO-AliOi-S i 
0 2 ftffcft (Ca-A l -S i -0-N£**->^ h 

^L/Co ^LX^Sf^ftEBLfcEIKCftAU 02 
[0 0 7 3] 

iKLXUftS^©^^ 67* h/U5 *-fe V*JI& 
imS3i:X, ?Ilft*«X, igfetfccT<**U 30 

y^fi:, I n«r*trfifl:»**ftJI*fflVNfc3S**^ 
X«, a£3j£^4wt *«fflltX*fe ofcjSfe** if 

fctf-rttfcfc 9, g{t»¥#tt 

ftC, &9©lfe£&ftfta^5gft£-ti-X, RGBM 40 
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®£#*it : &S&ftSi*XV^Cl-g r fcl\, ^ODfcfc, m. 
£ C R G B £ # ^ C 6 ft 51 ft S B i: 1" 4 i £: # X § 

X, 7^*7-^v;i/f-a7-©£ji*$&Bfcfcj£S-fr5 
[01] *aW0-3m«e(fcS»fcX*0fc**:5Sf 

[02] *«w©a3t« : Pao t «****Kwr*** 

[0 3] se*o^3t^*^-r^»fB0c 

[04] *%w©-^^jc^?)^7 , e*^©^^tt : & 

[0 5] £*flcfc*383fc**0»#fe** 
[06] *%®<D~nMMWz^X^> Kflt&SKH 

1-5^0o 

1, 20, 101 • • -is 

2 • • • ^ 1 ©M> 7?i 
3 • • • |2©Ay 7tI 

4 • • • n$j3 ? 

5 • • • ^3©K-> 7rl 

6, 24 • • • nHJ#JfHJl (%Kfll« 2X(i7* h 

7 , 2 2, 110- • • ffittJI 

8 • • • pfJ^JfBIJl 

9 • • • p|3>W Ml 
1 0 • • • ±®«B 

1 0 2. 2 1 • • • nil 

i o 3 • • • mms 

1 04, 1 05- • • HftJf 

1 0 6, 2 3 • • • pffllf 

1 1, 2 6, 1 0 8 • • • pli, 

1 2, 2 5, 1 0 7 • • • nmgo 

20 1, 202, 203 - • • mMTO&mtHybfc 

2 7 • • • 

28 • • -a3ttt*-/l/K«tt 
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wt.Biib'M ? © it © 0? tt < t b l , m^itm^- h<D it tmt£z>$L& nit* 

n-r zuitftit % *-r s z. t *¥f$ktr z>ftitmmo 
c n * m _§_] 

ij K IS ft 3g ^ , #fe©ttS«fc*tri*^te©e-*«;6#ffeft^liEfcStt«^T/, 

c , 

m-e&z z h*%fWLZ-r z>m * « 7_c e * © n * m m . 
i # m m je 2 ] 
[»E*rfc#«* j nit 

00 1 1 

[ffliE© p«j &3 
[001 1 ] 

(1) SttJf#, pIIL nfflJffcC«i:nfc#i»**r4l8#:* : 3 L K:*5VN-C, file 
g tt M % CD it CD'pt* < tt— SB*»JRU, ig|tI^e»©*J:*%5SI<5l£:5:it?> 

7* h )v 5 * -b v ^ w # , ttepaiii,'naiJi©iKc<fc<,— *cttit& n : » 7 * h ;t- 

» y^x:^4 g -©;fcgV^Sfcte¥#frfr£fc&%2©»fc&4>ft< t^»ir£i@te?-# 

(2) Iff IH 7 * h/U5*-feV*«a«, g<bt>^*^^*-r*ri:?ri|#mi:1-^o d © #f 

S^t^T^mil-r^o iODi^CJ:*), 7 * h JU $. * > 7.M IZ&\^X , ft &f ft ft K; & > 

(5) fJfeSttW*Wn§r#tra<b^**1*W^*L. «ffE7 * h ^5 ^-tV^ii 5 , I 
nSr#tfS<b**#f*:JfS:*-r*i:#»r, I nSr-^trffl -ft *»¥##»© I n » tfc # K' 
S Jf + © I nS:^tfgfti*#ftl0 InSatkJ: | 3*tv>ri:S:^SJ:t5. d © 1g 
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